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IMAGE FORMING APPARATUS AND LIGHT 
SOURCE UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image forming appa 
ratus for forming an image and outputting an image signal, 
and a light source unit used With the image forming appa 
ratus. 

2. Related Background Art 
As one of conventional image forming apparatus, a light 

source sWitching type color image sensor is knoWn Which 
reads a color image by applying light beams having three 
different spectral characteristics to the same color image and 
outputting image signals. FIGS. 1 to 4 shoW an example of 
such an image forming apparatus. This image forming 
apparatus is constituted by LEDs of red, green, and blue 
(hereinafter abbreviated as R, G, and B) colors, a short focal 
point focussing element array, and a sensor array With a 
plurality of line sensors being disposed in line. 

FIG. 1 is a perspective vieW shoWing the image forming 
apparatus, and FIG. 2 is a cross sectional vieW of the image 
forming apparatus. Referring to FIGS. 1 and 2, in the 
fundamental structure of the image forming apparatus, a 
light beam 212 outputted from an LED array 211 on an LED 
substrate 210 mounted on a frame 200 is applied to an 
original Which is in contact With a transparent glass plate 201 
mounted on the upper area of the frame 200, and a light 
beam 213 re?ected from the original is applied via an optical 
system 209 to a sensor array 1 on a sensor substrate 19. 

As shoWn in FIG. 3, the LED array 211 has a plurality set 
of LED chips 211R, 211G, and 211B alternately disposed in 
line on the LED substrate 210. The LED chips 211R, 211G, 
and 211B emit RGB light beams, and light of each color of 
RGB can be independently turned on and off. The optical 
system uses a short focal point focussing element array, for 
example, a product name “Selfoc Lens Array” manufactured 
by Nippon Sheet Glass Co., Ltd. 
As shoWn in FIG. 4, the sensor array 1 has a plurality of 

line sensors 2-1, 2-2, . . . , 2-15 disposed in line on the sensor 

substrate 19, the line sensors being covered With a protection 
?lm 206. A tight contact type multi-chip image sensor 
fundamentally reads an image by applying a light beam 
re?ected from an original to a sensor array and focussing an 
image of the same siZe as an original. Therefore, the length 
of the sensor array 1 is required to be equal to or longer than 
the Width of an original. 

The length of the sensor array 1 changes With the siZe of 
an original to be read, and the number of line sensors of the 
sensor array 1 changes. For example, for reading of an A3 
siZe original, the sensor array has ?fteen line sensors assum 
ing that the length of each line sensor is 20 mm. 

The sensor substrate 19 is coupled via a ?exible substrate 
208 to another substrate 203 on Which a connector 202 for 
input/output of a poWer source and control signals is 
mounted. The substrate 203 is ?xedly mounted on the frame 
200 by means of screWs 207. 

Next, the read operation of the image forming apparatus 
Will be described. First, data for correcting shading error is 
read, the shading error being generated by a variation of line 
sensor sensitivities and a variation of emission of a light 
source. In reading shading correction data, LED chips 211R, 
211G, and 211B are sequentially turned on to read a White 
reference plate built in the image forming apparatus, and the 
output signals of the image sensor are temporarily stored in 
memories provided for respective colors. 
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By reading the sensor output signals r1 for LED 211R, g1 

for LED 211G, and b1 for LED 211G obtained by indepen 
dent emission of RGB light sources and stored in the 
memories, the gain of each color is adjusted to satisfy the 
condition of r=g=b Where r, g and b are sensor output signals 
for RGB colors obtained When the White reference plate is 
again read. 

In reading an original With a light source sWitching color 
image sensor, it is necessary to independently apply RGB 
light beams to the original in order to obtain three RGB 
signals. To this end, a frame sequential method and a line 
sequential method are used. With the frame sequential 
method, LEDs of one color among RGB colors are turned on 
to sub-scan the Whole frame of the original, this operation 
being repeated for the other tWo colors. With the line 
sequential method, LEDs of three colors are sequentially 
turned on for each line of an original to sub-scan the Whole 
frame. Both the methods can obtain RGB signals of the 
Whole area of an original to reproduce a color image. 

The ideal spectral characteristics of RGB light sources for 
a light source sWitching color image sensor Will next be 
described. A G light source is used by Way of example. As 
shoWn in FIG. 5, it is assumed that an original image is read 
by using three G light sources each having a different 
spectral characteristic. A light source G6 does not contain 
light in the Wavelength ranges from near 480 to near 500 nm 
and from near 570 to near 590 nm, as compared to the light 
source G7. 

Therefore, if colors a and b shoWn in FIG. 6 having 
different spectral characteristics only in the Wavelength 
range near 500 nm are read by using the light source G6, a 
difference of the spectral characteristics betWeen the colors 
a and b cannot be discriminated and generally a same G 
signal is obtained for the colors a and b. 

If the B light source having a shorter Wavelength than the 
G light source does not contain light in the same Wavelength 
range as the light source G6, then the colors a and b cannot 
be discriminated. In order to improve color discrimination 
betWeen various colors contained in a color original, the 
spectral characteristics of the RGB light sources are required 
to cover the Whole visible light range. 

Next, a difference of color reproduction betWeen the light 
sources G7 and G8 Will be described. Light of the light 
sources G7 and G8 covers the same Wavelength range, and 
only the energy distribution in the Wavelength range is 
different. Color spaces of a light source sWitching color 
image sensor using the light sources G7 and G8 are shoWn 
in FIG. 7. 

The diagram shoWn in FIG. 7 is called a CIE-xy chro 
maticity diagram. In FIG. 7, all colors are contained in an 
area surrounded by a solid curve line representative of a 
spectrum locus or reddish-purple line. Triangles in this area 
represent color spaces of the color image sensor. An output 
GOUT of an image sensor When an original is applied With 
light from the light source G7 or G8 is given by the 
folloWing equation. 

Where G70») represents a spectral emission characteristic of 
LED G7, G80») represents a spectral emission characteristic 
of LED G8, and SO») represents a spectral sensitivity char 
acteristic of a line sensor. 

Color reproduction is made not by measuring the detailed 
spectral re?ection characteristic of an original, but by using 
RGB signals. As seen from FIG. 7, the color image sensor 
using the light source G7 has a broader color space than the 
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light source G8. The spectral characteristic of the light 
source G7 for a light source sWitching color image sensor is 
more desirable than the light source G8. 

The ideal spectral characteristics of RGB light sources for 
a light source sWitching color image sensor are therefore 
required to have as broad color spaces as possible and cover 
the Whole Wavelength range. An LED light source has many 
advantages such as compact siZe, high response speed, and 
good reliability, over other tubular type light sources. 
Therefore, it is suitable for use With a light source sWitching 
color image sensor. 

Color reproduction using RGB signals of an LED light 
source sWitching color image sensor is, hoWever, associated 
With some problems. FIG. 8 shoWs an example of a color 
space of a conventional LED light source sWitching color 
image sensor. As seen from FIG. 8, the color space of the 
image sensor is rather narroW as compared to various colors 
in a natural World. This results from that the spectral 
characteristic of an LED of G color is positioned too near the 
long Wavelength side and that there is a Wavelength range 
having too small light emission. There are LEDs for three 
colors having the spectral characteristics Which can solve the 
above problems and realiZe ideal color reproduction. 
HoWever, such LEDs are very expensive and the manufac 
turing cost of an image forming apparatus becomes too high. 
In contrast, general LEDs used for display devices or other 
devices are mass-produced and relatively cheap. If such 
display LEDs are used as light sources of an image sensor, 
the cost can be reduced considerably. 

HoWever, the display LED has a sharp spectral charac 
teristic With a small full Width at half-maximum. It is 
necessary for a light source of a light source sWitching color 
image sensor to cover the Whole visible light range by using 
LEDs of three RGB colors. Therefore, if display LEDs are 
used as the light sources for an image sensor, they are 
associated With the above problems such as a Wavelength 
range With an extremely small emission amount and poor 
color reproduction, because the display LEDs have too 
narroW full Width at half-maximum. 

In a conventional image forming apparatus, LED chips of 
three RGB colors are disposed at an equal pitch. Therefore, 
as shoWn in FIG. 9, an incident angle of light from an LED 
for each color is different for each color at an arbitrary point 
on an original. As a result, the optical information of an 
original supplied to a sensor pixel train, i.e., the intensity of 
vertical components of a re?ected light beam, is different at 
each point on the original. From these reasons, even if an 
original having a uniform density is read, the color compo 
nent ratio is different at each point of the original to thereby 
result in color shade. As shoWn in FIG. 10, the siZe of 
shadoW at the corner of a convex portion of an uneven 
original such as an original With a pasted sheet changes With 
the color component, coloring the shadoW at the corner. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an image 
forming apparatus capable of forming an image With high 
?delity and With loW cost. 

It is another object of the present invention to provide a 
loW cost light source unit usable With an image forming 
apparatus and capable of forming an image With high 
?delity. 

According to an embodiment of the invention achieving 
the above objects, an image forming apparatus comprises: 
light emitting means having a plurality of light emitting 
elements each having a different spectral characteristic; a 
light source having a plurality of light emitting means 
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4 
disposed on a substrate; and photoelectric converting means 
for converting light from an object applied With light from 
the light source into an image signal, Wherein the light 
emitting means has at least tWo light emitting elements 
having a peak Wavelength difference less than 30 nm. 

According to another embodiment of the invention, a light 
source unit usable With an image forming apparatus having 
photoelectric converting means for converting light from an 
object into an image signal, comprises: light emitting means 
mounted facing the photoelectric converting means and 
having a plurality of light emitting elements each having a 
different spectral characteristic; and a light source having a 
plurality of light emitting means disposed on a substrate, 
Wherein the light emitting means has at least tWo light 
emitting elements having a peak Wavelength difference less 
than 30 nm. 

With these con?gurations, it becomes possible to provide 
an image forming apparatus capable of an image With high 
?delity and loW cost and a light source unit usable With the 
image forming apparatus. 

According to another embodiment of the invention, an 
image forming apparatus comprises: light emitting means 
having a plurality of light emitting elements each having a 
different spectral characteristic; a light source having a 
plurality of light emitting means disposed on a substrate; and 
photoelectric converting means mounted facing the light 
emitting means for converting light from an object applied 
With light from the light source into an image signal, 
Wherein a distance betWeen light emitting elements is 
smaller than a distance betWeen light emitting means. 

According to still another embodiment of the invention, a 
light source unit usable With an image forming apparatus 
having photoelectric converting means for converting light 
from an object into an image signal, comprises: light emit 
ting means mounted facing the photoelectric converting 
means and having a plurality of light emitting elements each 
having a different spectral characteristic; and a light source 
having a plurality of light emitting means disposed on a 
substrate, Wherein a distance betWeen light emitting ele 
ments is smaller than a distance betWeen light emitting 
means. 

With these con?gurations, the emission centers of light 
emitting elements constituting the light emitting means for 
the photoelectric converting means are generally at the same 
position. Therefore, the incident angle of a light beam from 
each light emitting element is generally the same for each 
color at an arbitrary point on an original, and the color 
components ratio, in the vertical direction, of light re?ected 
from the original does not change With the position on the 
object. Furthermore, even if an uneven original is read, the 
siZe of shadoW generated at the corner of a convex area is 
generally the same for each spectral characteristic, so that 
the image quality can be improved. Still further, even if the 
number of light emitting elements is reduced, the image 
quality Will not be degraded. Therefore, an inexpensive and 
high quality image forming apparatus and a light source unit 
usable With the image forming apparatus can be realiZed. 

The other objects and advantages of the present invention 
Will become more apparent from the detailed description of 
embodiments When read in connection With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a multi-chip color image 
sensor. 

FIG. 2 is a cross sectional vieW of the multi-chip color 
image sensor. 



5,898,510 
5 

FIG. 3 shows the structure of a conventional light source. 

FIG. 4 shoWs the structure of a sensor substrate of the 
multi-chip color image sensor. 

FIG. 5 is a diagram shoWing spectral emission character 
istics of G light sources. 

FIG. 6 is a diagram shoWing spectral re?ection charac 
teristics of tWo colors. 

FIG. 7 is a diagram shoWing color spaces of a color image 
sensor using three G light sources. 

FIG. 8 is a diagram shoWing a color space of a conven 
tional multi-chip color image sensor. 

FIG. 9 is a diagram illustrating an angle distribution of 
re?ected light intensity When an original is read by using a 
conventional light source unit. 

FIG. 10 is a diagram illustrating hoW an uneven original 
is read by using a conventional light source unit. 

FIG. 11 is a block diagram shoWing the structure of an 
image forming apparatus according to an embodiment of the 
invention. 

FIG. 12 is a cross sectional vieW of a multi-chip color 
image sensor according to an embodiment of the invention. 

FIG. 13 shoWs the structure of an LED substrate of a ?rst 
embodiment. 

FIG. 14 is a diagram shoWing the spectral emission 
characteristic of LEDs of the ?rst embodiment. 

FIG. 15 is a diagram illustrating the relationship betWeen 
an emission Wavelength and a bandgap energy of semicon 
ductor crystal used as the emission layer material of an LED. 

FIG. 16 is a diagram shoWing the spectral sensitivity 
characteristic of a line sensor. 

FIG. 17 is a diagram shoWing a color space of the 
multi-chip color image sensor of the ?rst embodiment. 

FIG. 18 is a diagram shoWing spectral emission charac 
teristics of RGB light sources of the ?rst embodiment. 

FIG. 19 shoWs the structure of an LED substrate of a 
second embodiment. 

FIG. 20 is a diagram shoWing the spectral emission 
characteristic of LEDs of the second embodiment. 

FIG. 21 is a diagram shoWing spectral emission charac 
teristics of RGB light sources of the second embodiment. 

FIG. 22 is a diagram shoWing a color space of the 
multi-chip color image sensor of the second embodiment. 

FIG. 23 shoWs the structure of a light source unit of a third 
embodiment. 

FIG. 24 is a diagram illustrating an angle distribution of 
re?ected light intensity When an original is read by using the 
light source unit of the third embodiment. 

FIG. 25 is a diagram illustrating hoW an uneven original 
is read by using the light source unit of the third embodi 
ment. 

FIG. 26 shoWs the structure of a light source unit of a 
fourth embodiment. 

FIG. 27 shoWs the structure of a light source unit of a ?fth 
embodiment. 

FIG. 28 is a cross sectional vieW of a multi-chip color 
image sensor according to a siXth embodiment of the inven 
tion. 

FIG. 29 shoWs the structure of a light source unit of the 
siXth embodiment. 

FIG. 30 shoWs the LED chip arrangement on the LED 
substrate of the siXth embodiment. 

FIG. 31 shoWs the internal LED chip arrangement in a 
light source unit of the embodiment. 
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FIG. 32 is a diagram shoWing the spectral re?ection 

characteristics of RGB light sources of the siXth embodi 
ment. 

FIG. 33 is a diagram shoWing a color space of the 
multi-chip color image sensor of the siXth embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the invention Will be described With 
reference to the accompanying draWings. 

FIG. 11 is a block diagram shoWing the structure of an 
image forming apparatus according to a ?rst embodiment of 
the invention. Referring to FIG. 11, an image reading unit 31 
reads an original image, and the read image signal is 
processed by a signal processing unit 32. A control unit 33 
as a control means controls the Whole operation of the image 
forming apparatus. FIG. 12 is a cross sectional vieW of a 
light source sWitching multi-chip color image sensor of this 
embodiment. Referring to FIG. 12, the fundamental struc 
ture is the same as the conventional image forming appara 
tus shoWn in FIG. 2. In FIG. 12, like elements to those 
shoWn in FIG. 2 are represented by using identical reference 
numerals, and the description thereof is omitted. In FIG. 12, 
reference numeral 1 represents a sensor array as a photo 
electric conversion means, and reference numeral 220 rep 
resents an LED substrate to be later described. 

FIG. 13 shoWs the structure of the LED substrate 220 as 
a light source unit used With the light source sWitching 
multi-chip color image sensor according to the ?rst embodi 
ment of the invention. A set of LED chips 221R, 221G1, 
221G2, and 221B having four different spectral character 
istics R, G1, G2 and B constitutes an emission means. A 
plurality set of LED chips are disposed in line on the LED 
substrate 220, to thereby constitute an LED array 221. The 
fundamentals of this image forming apparatus are the same 
as the conventional image forming apparatus, eXcept that 
tWo types of LED chips G1 and G2 are used for emitting 
light of G color. In this embodiment, the LED substrate 220 
is assembled on the image sensor shoWn in FIG. 2, instead 
of the LED substrate 210. 

The spectral characteristics of the LED chips 221R, 
221G1, 221G2, and 221B constituting the LED array 221 
are shoWn in FIG. 14. The spectral characteristic of the LED 
chip 221G2 is the same as that of a conventional LED chip 
211G, and the spectral characteristics of the LED chips 221R 
and 221B are the same as those of the conventional LED 
chips 211R and 211B. The neW LED chip 221G1 added in 
this embodiment has the spectral characteristic of the LED 
chip 221G2 shifted toWard the short Wavelength side by 30 
nm or smaller. 

The relationship betWeen the spectral characteristic and 
the material of an emission layer of an LED Will be 
described. Research and development of high brightness 
LEDs of B and G colors have recently progressed rapidly. 
LEDs ten to one hundred times brighter than conventional 
LEDs are noW available. In order to manufacture LEDs of 
high brightness, use of semiconductor crystal as a light 
emission material having a direct transition type energy 
band structure has an advantage over other materials from 
the vieWpoint of an energy conversion ef?ciency. The rela 
tionship betWeen the bandgap Eg of such direct transition 
type material and an emission Wavelength is given by the 
folloWing equation. 




















